Geographic Information Systems (GIS) software is used to analyze rainwater harvesting potential in Escambia County, Florida, USA. The approach presented can be replicated using LiDAR data, and the infrared spectrum of National Agriculture Imagery Program (NAIP) imagery. GIS surface maps are analyzed in combination with local utility consumption data to determine potential reductions in potable water consumption for households. The results indicate an extensive urban catchment of rooftop surfaces, and commensurate potential for rainwater harvesting and stormwater attenuation.
INTRODUCTION
It is widely acknowledged that the effects of anthropogenic climate change are altering global weather patterns (IPCC ). For example, projected increases in tropospheric water vapor are expected to intensify extreme weather events and result in a 'latitudinal intensification' and 'redistribution of global precipitation'. In other words, it is believed that in the future, the wet regions will become wetter, and dry regions will become drier (Marvel & Bonfils ) . The impacts of the anthropogenic sealing of soil for example, include more reflective surfaces, increased heat island effect, decreased filtration, increased runoff, erosion of adjacent soils and streams, and increased airborne particulate matter (Scalenghe & Marsan ) . Jennings and Jarnagin have made historical observations of changes in Total Impervious Area (TIA) and the associated impacts on surrounding water bodies. The authors conclude that increased TIA accelerates normal hydrological processes, and leads to statistically significant increases in streamflow discharge (Jennings & Jarnagin ) . A similar conclusion was reached by Mejia and Moglen in an analysis of the spatial distribution of impervious surfaces (Mejia & Moglen ), which is further supported by reductions in interception, infiltration and evapotranspiration as identified by Dougherty et al. () . It is widely believed that increases in impervious surface are directly associated with decreased infiltration and recharge (Erickson & Stefan ) . Urban environments are known to increase the quantity of stormwater and pollutant loading of adjacent surface water bodies (Cordery ; Göbel et al. ) , and these impacts may intensify with respect to specific surface types, such as roadways (Harrison & Urban hydrology research often concerns the modelling of stormwater flows. Hydrological models have been proposed as a means of estimating urban runoff using geographic information system (GIS)-based, distributed hydrological modelling (Chormanski et al. ) . Hydrological models have included residential rainwater harvesting tanks as a means of assessing reductions in stormwater quantity (Burns et al. ) , and improvements in quality (Khastagir & Jayasuriya ) . Comparisons of urban form have also been used to demonstrate impacts on stormwater quantity and quality (Grodek et al. ) . It should be noted that the study of hydrological modelling is not fully understood (Mitchell et al. ) , and that there is 'significant variation in runoff volumes between simulated and experimental results' (Ramier et al. ) . It is also important to note that excessive harvesting of rainwater may be deleterious to the health of surrounding streams and water bodies (Fletcher et al. ) .
GIS software has been used on a number of levels in the modelling of rainwater harvesting installations. Chiu et al. have used GIS to estimate optimal rainwater harvesting tank size. The authors consider the 'water-energy nexus' and recommend that the sizing of rainwater harvesting tanks should be based on water, energy and economic savings (Chiu et al. ) . GIS has also been used to develop suitability maps for runoff harvesting and agricultural applications. In general, these maps combine data on rainfall, slope, soil type and land cover to identify suitable sites for rainwater harvesting installations, which can include check dams, terraces, and indigenous stormwater harvesting 
).
This study has been conducted as a preliminary exploration of rainwater harvesting and stormwater attenuation potential. It is intended to establish baseline stormwater estimates for Escambia County, Florida. The data resulting from this analysis can be used to reduce the local water footprint, and identify any modifications required for existing stormwater infrastructure. This is particularly important in Escambia County, Florida, which is subject to periodic and inordinately intense rainfall events.
MATERIALS AND METHODS

GIS
This study used GIS software (ESRI ), aerial photo- The remaining rooftop surfaces were expanded and contracted (1 meter) to make outlines more regular, as shown in Figure 3 .
Assessment of water consumption
Household consumption data were acquired from the Emer- In an effort to provide an estimate of rainwater harvesting potential for a large area and number of samples (N ¼ 42,028), this study assumed 85% collection efficiency for all roof surfaces due to the high percentage of asphalt shingles-upward of 90%-in the US residential roofing market, and the relative consistency of rainfall in Florida.
In this study, seventy-five percent of rainfall events exceed 0.06 inches (1 mm), and this accounts for 99.7% of annual rainfall by volume. It is believed that the 85% collection efficiency is a reasonable estimate for potential collection.
Rainwater harvesting potential for each rooftop surface was compared with household consumption patterns (N ¼ 42,028). Thus, the sample data were classified into two distinct groups: net positive households-those who consumed less than their rainwater harvesting potential -and net negative households -those who consumed more that their rainwater harvesting potential. In order to estimate maximum potential, unlimited storage capacity was assumed.
Samples were compared for differences between means with independent t-tests using SPSS software (IBM ). of households consumed more water than could potentially be harvested from their rooftop catchments, a sample of which is depicted in Figure 5 .
RESULTS
The net positive and net negative samples were further analyzed for gallons of water consumed, area of rooftop catchment and parcel area or lot size using independent t-test analyses. Independent t-tests were used to identify significant differences between the sample populations and their respective means.
Mean water consumption for all 42,028 records was 80,679 gallons per year, with a standard deviation of Table 6 .
CONCLUSIONS
The analysis and estimation of impervious surfaces is an important first step toward understanding the hydrological dynamics of urban areas. Certainly, the application of the analysis presented in this paper goes beyond the simple esti- There are significant differences between households that are capable of achieving net zero water consumption, and those that are not. There are significant differences in con- 
